This study uses probit model to identify determinants of food insecurity among rural households in developing countries. The model used in this study, that allowed us to estimate coefficient and marginal effect for each independent variable vis-à-vis dependent variable, guarantees large applications among food security actors and policymakers to find out factors that significantly explain food insecurity and the level of their predictability. The ability of the model used to correctly classify food insecure and food secure households is good for the overall model and for households headed by males while it is fair for households headed by females. The empirical results show that rural households are more exposed to food insecurity than urban households. Gender disaggregation by the head of households shows that among food insecure rural households, the majority of them are headed by females. It also shows that the mean and median of predicted probability of becoming food insecure among rural households headed by males and females is 0.21 and 0.28 for mean and 0.15 and 0.24 for median respectively. This indicates that households headed by females are more likely exposed to food insecurity than those headed by males. However, as the majority of rural households in developing countries depend on agriculture, this study found that it is worthwhile for developing countries to adopt new agricultural technologies to urgently increase productivity and to implement and facilitate programs supporting rural households pathways to increase households' livelihood capacities.
Introduction
The majority of households in developing countries depend on the agricultural sector to provide the main source of food consumed in households, employment and income. Different research and debates have proved that agricultural transformation could be the engine of economic growth and development in these countries. Prior to the implementation of agricultural transformation policies, agricultural systems were more critical and did not gruantee achieving food security in these countries. However, the recent reforms and changes in agricultural policies have emphasized the adoption of new technologies for development of a more industrial and market oriented agricultural sector to develop non-agricultural sectors and meet food and nutrition security in these countries. Uncertainty surrounding the prediction of food security in developing countries has been the result of agricultural instability and represents a vital opportunity for agricultural modelers to analyze and provide information on what should be the pathways to render the agricultural sector more stable to ensure food security. The failure to meet food security for all has been contextualized as food insecurity in these countries. However, in one way or another, food insecurity hurts both households and the economy as a whole. Large unexpected increase of households' food insecurity prevalence would jeopardize the economic development at a micro level and unexpected changes would risk the livelihood of a large portion of the population that depends on agriculture. Excessive food insecurity threatens the economy as a whole, too. When food insecurity prevalence increases in an economy, the percentage of the population depending on the country's support also increases. For developing countries in which tax revenue collection does not keep pace with the required government expenditure, increased number of households with food insecurity characteristics expands government deficit and renders these countries more dependent on foreign aid and support; this remains one of the main challenges to address With rapid population growth, increased effects of climate change on agricultural stability and food security, food insecurity is defined in different ways by international organizations and researchers but without much difference in the basic concept. According to the World Bank, food insecurity is defined as "the lack of capability to produce food and to provide access to all people at all times to enough food for an active and healthy life" (WFP, 2009) . In this context food insecurity is defined as limited or uncertain availability of nutritionally adequate and safe foods or limited or uncertain ability to acquire acceptable foods in socially acceptable ways. Food insecurity exists when people lack secure access to sufficient amounts of safe and nutritious food for normal growth and development, and leads an active and healthy life. In contrast, the most used definition of food security is the one that integrates food availability, access, utilization and stability for a good and healthy life. However, for the purpose of this research we adopted this definition and apply it at the household level to disentangle the determinants of food insecurity in developing countries especially for households located in rural areas.
The recent population growth in developing countries has led to the prodigious increase in food demand. The factor that agriculture remains the core sector for economic growth in these countries, the low agricultural technology and impact of climate change on agriculture and food security remain the main challenges to these countries to feed their populations and ensure food security. To address these challenges and meet food security, developing countries have recently adopted different strategies for agricultural transformation. A high number of new initiatives to strengthen food and nutrition security in these countries have been proposed and among those a significant number is using space technology and information whilst others aim at the development of integrated measurement methods and increased resilience. To meet food security in these countries, addressing household food acquisition problems and ensuring households' water availability, access and sustainability are emerging as factors that could lead to food security. 
Problem Statement and Research Questions
A wide array of models have been used by agricultural economists and food security modelers to analyze the causes of food insecurity. With the evolution in the production and use of agricultural statistics, the area of modeling the causes of food insecurity has expanded to the household level with more emphasis on developing countries. However, modeling the causes of food insecurity in these countries has been more complex and challenging at the macro-level as well as at the micro-level due to the lack of timely and reliable data. The recent food insecurity modeling in these countries shows that different models using different data have been developed. The well-known models are those which try to link: climate change and agricultural production failure; sudden changes in weather conditions and crop and livestock production instability; food price volatility and household food consumption; food insecurity and limited access to markets, low infrastructure development as factors that hamper food distribution systems and lead to food price volatility; and low household income and limited food acquisition. However, all these models developed can be grouped into three categories: food insecurity as a function of climate change and failure of agricultural performance; food insecurity as function of low adoption of new agricultural technologies and food insecurity as function of low rural infrastructures and poverty. In essence, the practice of modeling food insecurity is a blend of socio-economic theories and econometric procedures and simplified representations of factors determining household food insecurity. When building household based empirical models to identify factors contributing to household food insecurity, this study tries to contribute to the recent literature by identifying determinants of food insecurity in developing countries. To undertake this task and make approximations on household food insecurity determinants, this study uses a Probit model. The main objective of this study, however, is to model household food insecurity determinants in developing countries.
Since 2000 with the implementation of Vision 2020, the government of Rwanda has adopted different policy and reforms emphasizing on transforming the agricultural sector from subsistence level into a modernized and more industrial and market oriented agricultural sector. Agricultural policy changes and reforms in the country have also contributed to the decline of yield and crop production instability, improvement in food distribution system, investing in new products that can generate more revenues and has facilitated households to access foodstuff at fair prices. Nonetheless, food security statistics show that about 81 percent of all households in Rwanda continue to depend on agriculture and 41 percent and 87 percent of households living in urban and rural areas respectively, depend on agricultural activities. Among households headed by males and females and living in rural areas, 86 percent and 90 percent of them are headed by males and females respectively. Statistics also show that 21 percent of households in the country are food insecure. When statistics on food insecurity are disaggregated, 6 percent of households living in urban and 23 percent of the households living in rural are food insecure. Among food insecure households about 96 percent of those are located in rural areas while only 4 percent of them are in urban areas. Among households located in rural areas, households headed by females are more food insecure when compared to those headed by males. 30 percent and 21 percent of households headed by females and males are food insecure respectively. This study, however, tries to answer the following question: What are the determinants of food insecurity among households located in rural areas of Rwanda, disaggregated by the gender of the head of households?
Literature Review
Different researches have been undertaken to determine factors that are behind food insecurity in developing countries. Those researches have shown that the causes of food insecurity in Africa and other third world countries include (Note 1): drought and extreme weather events; pest, livestock diseases and other agricultural problems; climate change; military conflicts; lack of emergency plans; corruption and political instability; cash crops dependence; human diseases and rapid population growth. The literature shows that the characteristics of food insecurity in these countries do not much differ from households located in urban areas to households located in rural areas.
To empirically characterize household food security, different works (WFP, 2009; Von Braun et al., 1992; Bonnard, 2000; Mucavele, 2001; Bahiigwa, 1999) have identified the determinants of household food security. The main determinants identified in those works include: household size; sex of the head of household; education level of the head of household; unemployment level; dependency ratio; land size; climate shocks such as floods, landslides, dry spell, rainfall deficit and drought; whether the household has enough income to purchase food at prevailing prices; food price volatility; access to agricultural credit; ownership of saving account; total income per adult equivalent; expenditure level on food and non-food items; asset possession; access to social services; owner of home garden; access to subsidized food; source of food; availability of food commodities and supply of food commodities; inadequate labor; inadequate land; not growing enough food www.ccsenet.org/sar Sustainable Agriculture Research Vol. 4, No. 2; 2015 during the season and soil infertility; poor health; lack of planting materials and low agricultural technology; rapid growth of the population; food availability instability and problem to supply markets with sufficient quantity to meet food demand; and problems related to food access and low purchasing power. In contrast, those works shows that the ability to achieve household food security is derived from the household's human capital, material, agricultural technology adaptation, farm size, land quality, agricultural extension services and institutional resources such as education and employment status, household demographics, assets, employment and saving, rural and urban agriculture, formal social assistance or direct transfer, informal social networks, access to clean water and sanitation, household food tastes and preferences.
Nevertheless, most of the works that have tried to identify the determinants of household food insecurity in developing countries have used logit and probit models (François, 2010; Abimbola et al., 2013; Mesfin, 2014) .
Even though, few of them have tried to disaggregate households by the gender of the head of the household and to model and estimate, ceteris paribus, the marginal effect of each independent variable but none in the literature has tried to predict a household's probability of becoming food insecure with respect to the gender of the head of household. This study, however, tries to contribute to the available literature by using probit model to approximate food insecurity determinants among households located in rural areas by the gender of the head of household; estimate marginal effects for each independent variable in each category of household head and predict household's probability to become food insecure.
Methodology
A Probit Regression analysis is applied to address the main objective of this study and answer to the question of this study. Food insecurity characteristics could not be the result of a single factor. Modeling food insecurity at micro-level requires the combination of different data. These data range from weather forecasting data, basic and current agricultural statistics and information, to population statistics. The main challenge in modeling the determinants of food insecurity in developing countries, however, is the lack of timely and reliable data on all these components. In the country where agriculture sector is the main sector of the economy, food insecurity increases as crop and livestock production instability increases. Accordingly, a household's probability to become food insecure increases given that the failure of agriculture production increases and economic shocks rise. In this study, we therefore try to model food insecurity determinants in developing countries and find out a household's probability to become food insecure. This approach enables us to apply the Probit regression model to investigate the links between agricultural related factors and food insecurity. This study therefore models food insecurity as a function of 24 agricultural related variables (see Table 1 ).
Empirical Model: Probit Regression
A probity model assumes that there is a latent, unobserved continuous variable Y* which can take all values in (-∞, +∞) and that determines the value of Y and includes believable error term distribution as well as realistic probabilities. However, the underlying latent model can be specified as follows (Chris, 2008; Bruce, 2013) : 
However a probit model is based on latent variable and Y can be observed as an indicator for whether this latent variable is positive. In our study we specify that for Y; 1 = Food Insecurity, 0 = Food Security; X stands for vector of explanatory variables in table 1, β stands for coefficients and ɛ stands for random errors. In our study we use marginal effect at mean for both continuous and dummy variables. From the probit model we estimate marginal effect of "i" variable as the effect of a unit change of this "i" variable on the probability P(Y = 1| X = x), given that all other variables are constant and can be specified as follow:
Average Marginal Effect for each continuous variable in our model is computed as follows:
And the Average Marginal Effect for each dummy variable in our model is computed as follows:
In this study we use equation (1) to compute predicted probability for a household to become food insecure when Food Insecurity is equal to one (1) and Food Security if equal to zero (0).
Data Description
To model household food insecurity determinants, we use the data set of Comprehensive Food Security and Vulnerability Analysis and Nutrition Survey conducted in 2012 in Rwanda. This survey covered a sample of 7500 households randomly selected around the country. The volume of the questionnaire of this survey was composed of 486 questions including demographics of the household members, characteristics of the home shelter, household income and questions related to food and nutrition security. We decided to use 96 questions from the survey questionnaire and some of them were transformed and combined to reach a total of 25 variables used in the model. The reduction of the number of questions has allowed as using the "level of importance of combined questions" in the survey questionnaire to explain household food insecurity characteristics. This study used food consumption groups to create the dependent variable in our model. The transformation of this variable followed the creation of two distinct groups: Food Insecure Households with the value of one (1) and Food Secure Households with the value of zero (0). Food Insecure households groups all households with borderline and poor food consumption score while Food Secure households groups all households with acceptable food consumption score. 
Discussion
When compared to urban population, rural areas accommodate the majority of households in developing countries. With a predominant agricultural sector, most households located in rural areas depend on agricultural activities. Even though some food is sourced from market, the large share of food consumed in rural households is sourced from their own production. The own production consists of agricultural production. In most cases, this production is not processed due to the lack of efficient food transformation technology. However, food availability and access in rural areas is the result of agricultural performance and food acquisition from the market is function of income from agriculture. Both, food availability and access and income from agricultural activities in rural areas are highly linked to the performance of agricultural season. Any instability in agricultural production results in food availability instability and reduces households' income from agriculture and limit household to food diversification. However, agriculture performance in rural areas is function of household land size, land amendment, rainfall performance, adoption of agriculture cooperatives to efficiently channelize improved agricultural inputs and agricultural loans. In one way or another government and/or non-government support and assistance have a role to ensure food security in the case of food needs due to hazards. For subsistence, household structural counts a lot to define a household's livelihood, expenditure and income level. When it is on the side of food utilization, education matters. Rural households whose members have a low education level are more likely to be not aware on the efficient utilization of available food and are less likely to access to skilled livelihoods activities that can be one way to generate an income and increase household's purchasing power and saving level. It is in this context that we model rural household food insecurity as a function of households characteristics, household income, household food acquisition, household's agricultural characteristics, household's assistance related variables (see Table 1 ).
Food Insecurity Profile in Rwanda
Even though the agricultural system in Rwanda is predominantly rainfall fed, agriculture is the core sector of Rwandan economy. Food security statistics shows that about 81 percent of all households in the country depend on agriculture. When urban and rural areas are compared, 41 percent of urban households and 87 percent of rural households depend on agricultural activities. Among households headed by males and females and living in rural areas, 86 percent and 90 percent of them are headed by males and females respectively. Statistics also show that 21 percent of households in the country are food insecure. When statistics on food insecurity are disaggregated, 6 percent of households living in urban and 23 percent of households living in rural areas are food insecure. Among food insecure households about 96 percent of them are located in rural areas while only 4 percent of them are in urban areas. Among households located in rural areas, households headed by females are more food insecure when compared to those headed by males. Among households headed by females, 30 percent of them are food insecure, while those headed by males 21 percent of them are food insecure. This profile shows that food insecurity is a serious rural problem in Rwanda when compared to food insecurity situation in urban areas. This becomes more sensitive in rural areas when households headed by males are compared to those headed by females. This, however, indicates that rural household food insecurity is more prevalent in household headed by females which may be the results of the fact that more households headed by females depend on agriculture (90 percent) when compared to those headed by males (86 percent).
Description of Rural Households
In this study we use three types of descriptive statistics: mean, correlation and covariance. Even though covariance is similar to correlation, we use covariance to understand how independent variables are related to dependent variable in the model and to find out if each independent variable and dependent variable tend to increase or decrease together or tend to increase as the other variable decreases. We use correlation to assess the strength of linear relationship between each of dependent variable with dependent variable. To make a difference, correlation (Note 2) is computed when data are converted to a standardized scale of -1 to +1 while covariance is expressed in units that vary and not standardized to scale of -1 to +1.
The mean age of head of households shows that the mean age of males heads of households is below the mean age of females heads of households, the education level shows that males heads of households are more educated than females heads of households, mean household size show that households with large size are those headed by males and are also endowed with large land when compared to those headed by females, land amendment is large among households headed by males, households headed by males have farm animal more than those headed by females, household asset index for households headed by males is greater than that of households headed by females, household food acquisition level among households headed by males is greater than that of households headed by females, households headed by males have less household food acquisition problems when compared to households headed by females, expenditure on food shows that households headed by males spend more on food than those headed by females, per capita expenditure among households headed by males is greater than that of households headed by females, the share of food sourced from market is large among households headed by males when compared to those headed by females, households headed by males are more participative in agricultural cooperatives and in requesting agricultural loans when compared to households headed by females, and the coping strategy index is high among households headed by females when compared to those headed by males. Even though rural households have less food acquisition problem, the general observation shows that within a scale of 0 to 1, Household's land amendment level, household food acquisition level, household spending level, membership in agricultural cooperatives and agricultural loan access are very low.
For households headed by males, food insecurity has a weak relationship with household land size, household asset index, household food acquisition problem, household spending level and coping strategy index; while it has a very weak relationship with age of household head, distance to market, food assistance, government support, market contribution to household food consumption, soil erosion index per village, household head's education level, household size, household's land amendment level, household's farm animal, household food acquisition level, number of livelihood activities, monthly food expenditure, per capita expenditure (year), own production used for own consumption, land suitability per cell, membership to agricultural cooperative and agricultural loan. For households headed by females and when households headed by males and females are combined, only household asset index, household food acquisition problem, household spending level and coping strategy index have a weak relationship with food insecurity while other variables have a very weak relationship with food insecurity.
For households headed by males and females and when all households are combined, the covariance between the age of the head of household, distance to market, food assistance, household food acquisition problem, government support, market contribution to household food consumption, soil erosion index per village, coping strategy index and food insecurity indicated a positive relationship while the covariance between household head education, household size, household's land size, household's land amendment level, household's farm animal, household asset index, household food acquisition level, number of livelihood activities, household spending level, monthly food expenditure, per capita expenditure (year), own production used for own consumption, land suitability per cell, membership to agricultural cooperative, agricultural loan and food insecurity indicated a positive indicate a negative relationship.
Determinants of Food Insecurity Among Rural Households
In this study we use both coefficients and average marginal effects. Coefficients are used to understand how changes in independent variables explain changes in dependent variable while average marginal effects are used to estimate the effect of a unit change in each independent variable on the probability of being food insecure, given that all other variables are hold constant. To identify determinants of food insecurity among rural households, we use three models. Probit models for households headed by males and those headed by females are used to identify how determinants of food insecurity differ depending on the gender of household head. In addition to this, we use the overall Probit model (when all households headed by males and those headed by females are combined).
For households headed by males, we found that significant variables to explain changes in rural household food insecurity are: household asset index, household food acquisition level, household food acquisition problem, household spending level, monthly expenditure on food, land suitability (fertility) per cell and membership to agricultural cooperatives significant at 1%; household size, land size, farm animal, number of livelihood activities, soil erosion index per village and market contribution to household food consumption significant at 5%; and food assistance and coping strategy index significant at 10%. When one variable is considered and keeping all other variable constant, average marginal effect shows that a unit increase in household size, household food acquisition problem, market contribution to household food consumption, soil erosion index per village, and coping strategy index would results in increasing the household's probability of becoming food insecure by 0.7 percent, 18 percent, 0.1 percent, 0.34 percent, and 0.14 percent respectively while a unit increase in household asset index, household food acquisition level, household spending level, monthly expenditure on food, land suitability (fertility) per cell, membership to agricultural cooperatives, land size, farm animal, number of livelihood activities, food assistance would result in decreasing household's probability to become food insecure.
The area under ROC cover of 0.81 shows that the ability of probit model constructed for households headed by males to correctly classify food insecure and food secure households is good (Note 3).
For households headed by females, we found that significant variables to explain changes in rural household www.ccsenet.org/sar Sustainable Agriculture Research Vol. 4, No. 2; 2015 food insecurity are: household food acquisition problem, household spending level, monthly expenditure on food, land suitability (fertility) per cell and membership to agricultural cooperatives significant at 1%; soil erosion index per village and coping strategy index significant at 5%. When one variable is considered and keeping all other variable constant, average marginal effect shows that a unit increase in household food acquisition problem, soil erosion index per village, and coping strategy index would results in increasing the household's probability of becoming food insecure by 28 percent, 0.9 percent and 0.3 percent respectively while a unit increase in household spending level, monthly expenditure on food, land suitability (fertility) per cell and membership to agricultural cooperatives would result in decreasing household's probability to become food insecure. The area under ROC cover of 0.79 shows that the ability of probit model constructed for households headed by females to correctly classify food insecure and food secure households is fair.
When all households are combined, we found that significant variables to explain changes in rural household food insecurity are: household size, household's farm animal, household asset index, household food acquisition level, household food acquisition problem, household spending level, monthly food expenditure, land suitability per cell, soil erosion index per village, coping strategy index and membership to agricultural cooperative significant at 1%; and household size, household's farm animal, household asset index, household food acquisition level, household food acquisition problem, household spending level, monthly food expenditure, land suitability per cell, soil erosion index per village, coping strategy index and membership to agricultural cooperative significant at 5%. When one variable is considered and keeping all other variable constant, average marginal effect shows that a unit increase in household size, household food acquisition problem, market contribution to household food consumption, soil erosion index per village and coping strategy index would results in increasing the household's probability of becoming food insecure by 0.8 percent, 20 percent, 0.1 percent, 0.5 percent and 0.2 percent respectively while a unit increase in household's farm animal, household asset index, household food acquisition level, household spending level, monthly food expenditure, land suitability per cell, and membership to agricultural cooperative, household's land size, food assistance, number of livelihood activities, and own production used for own consumption would result in decreasing household's probability to become food insecure. The area under ROC cover of 0.80 shows that the ability of probit model constructed for households headed by both the males and females to correctly classify food insecure and food secure households is good.
Predicted Probability for a Household to be Classified a Food Insecure Household
In this study we use estimated probit models to predict the probability that each household in the sample has to become food insecure. The interpretation of this probability is stated as follows "as a household's predicted probability is getting higher and approaching an unit (1) the same household is more likely to become food insecure while as a household's predicted probability is low and approaching zero (0) the more the same household is likely to become food secure". The mean of predicted probability for households previously (from survey results) categorized as food insecure to stay food insecure is 0.372, 0.439 and 0.393 probability for households headed by males, females and when all households are combined respectively. This indicates that the majority of those households are more likely to become food secure. In the other way round, the mean of predicted probability for households previously (from survey results) categorized as food secure to become food insecure is 0.162, 0.219 and 0.18 probability for households headed by males, females and when all households are combined respectively. This indicates that the majority of those households are more likely to stay food secure and few of them are likely to move to the category of food insecure households. Households categorized as food insecure have less variability relative to their means, while households categorized as food secure have more variability relative to their means. The median of predicted probabilities among food insecure households is greater than the median of predicted probabilities among food secure households. This indicates that a half of food insecure households have about 0.38 probability and less of staying food insecure while a half of food secure households has about 0.13 and less probability of becoming food insecure. The overall observation shows that the mean of predicted probability of about 0.22 indicates that there is a low probability for household to become food insecure. Even though, the majority of households located in rural areas have the low probability of becoming food insecure, the predicted probability shows that households headed by females are more likely to become food insecure than those headed by males (see Table 6 and Figure 1 ).
Conclusion and Policy Implications
Most of the works that have tried to identify determinants of food insecurity in developing countries have used logit and probit models. Even though, few of them have tried to disaggregate households by the household heads' gender and to model and estimate marginal effect for each independent variable when others variables are assumed to be constant but none in the literature have tried to predict a household's probability to become food insecure in respect with the gender of the head of household. This study, however, contributes to the available www.ccsenet.org/sar Sustainable Agriculture Research Vol. 4, No. 2; 2015 literature by using probit model to approximate food insecurity determinants among households located in rural areas by head of household's gender; estimate marginal effects for each independent variable in each category of the head of households (males and females) and predict a household's probability to become food insecure. Hence, this study investigated the determinants of food insecurity among rural households by the gender of the head of household.
Using descriptive statistics, this paper demonstrates that food insecurity is more prevalent in rural areas than in urban areas. The paper also shows that among food insecure rural households the majority of them are headed by females. This paper assumed that food insecurity in rural areas and by the gender of the head of household is function of the age of household head, household head education, household size, household's land size, household's land amendment level, household's farm animal, distance to market, food assistance, household asset index, household food acquisition level, household food acquisition problem, number of livelihood activities, household spending level, monthly food expenditure, per capita expenditure (year), government support, own production used for own consumption, market contribution to household food consumption, land suitability per cell, soil erosion index per village, coping strategy index, membership to agricultural cooperative and agricultural loan. Using Probit model, this study found that significant factors to explain changes in rural household food insecurity are: household size, household's farm animal, household asset index, household food acquisition level, household food acquisition problem, household spending level, monthly food expenditure, land suitability per cell, soil erosion index per village, coping strategy index and membership to agricultural cooperative significant at 1%; and household size, household's farm animal, household asset index, household food acquisition level, household food acquisition problem, household spending level, monthly food expenditure, land suitability per cell, soil erosion index per village, coping strategy index and membership to agricultural cooperative significant at 5%. The analysis of average marginal effects by household head gender shows that the number of significant factors to influence food insecurity at household level whether positively or negatively is different among households headed by males and those headed by females. Households headed by males have more determinants than those headed by females. The predicted probability for a household to become food insecure shows that households headed by females are more likely exposed to food insecurity than those headed by males.
This study also shows that the majority of rural households in developing countries depend on agriculture and that subsistence agriculture system is the predominant agricultural system applied in those areas. As the probit model used in this study tried to model agricultural related variables as factors affecting household food insecurity, we found that it is worthwhile for developing countries to adopted new agricultural technologies to increase productivity and to implement and facilitate programs supporting rural households to increase their livelihood capacities.
